Abstract -General and validated cause-specific mortality, especially regarding coronary disease, was studied in a population-based cohort of 1049 alcohol-dependent (DSM-III-R) men, who were discharged from a detoxification ward. The observed and expected numbers of deaths were 140 and 23.2, respectively (P < 0.001). The estimated risk quotient of death was 6.0 (95% confidence interval 5.1-7.1). The concordance between revised and official causes of death was ~50%, but the resulting variation of risk quotients of cause-specific deaths generally remained within the statistical uncertainty. Coronary disease contributed to 19% of the total excess mortality in cases with a validated definite death diagnosis. The risk of coronary death tended to be augmented during the first 2 years of discharge (P = 0.05). Thus, coronary death contributed significantly to the excess mortality in alcohol-dependent men, and an increased vulnerability for sudden coronary death seemed to persist for a considerable time after discharge from detoxification.
INTRODUCTION
Excessive alcohol consumption brings about potentially lethal short-term and long-term complications, and alcohol-related deaths contribute significantly to mortality among middle-aged men (Petersson et al., 1982) . Cohort follow-up studies on general and cause-specific mortality in alcoholics have shown that the excess mortality could be ascribed not only to alcohol-related disorders, but to cardiovascular disorders as well (Sundby, 1967; Schmidt and de Lint, 1972; Ashley and Rankin, 1980; Lindberg and Agren, 1988 ). An increased incidence of sudden coronary death in alcoholic men has been demonstrated in population studies (Rosengren et al., 1987; Lithell et al., 1987; Wannamethee and Shaper, 1992) , and studies of alcoholics who have died outside hospital have confirmed a high frequency of deaths due to ischaemic heart disease (Clark, 1988; Lilleng and Morild, 1993; Denison et al., 1995) . However, forensic examinations more
•Author to whom correspondence should be addressed at: Department of Medicine, Plan 2 CK, Ostra University Hospital, S-416 85 Goteborg, Sweden. often fail to establish a definite cause of death in alcoholics than in non-alcoholics (Skullerud et al., 1990; Hansen and Simonsen, 1991) , and this provokes the question as to whether the reliability of official death statistics is lower in alcoholics than in other populations. The accuracy of death certificate diagnoses is crucial for the validity of the supposed excess mortality from ischaemic heart disease in alcoholic men, because the results from cohort and population studies concerning cause-specific mortality are generally based exclusively on information from death certificates (Schmidt and de Lint, 1972; Rosengren et al., 1987; Lithell et al., 1987; Lindberg and Agren, 1988) . Thus, a Swedish study, dealing with the validity of the diagnoses on death certificates of alcoholic men, could not demonstrate an excess ischaemic heart disease mortality after correction of death certificate diagnoses (Agren and Jakobsson, 1987) .
In this investigation we aimed to study general and cause-specific mortality, with special attention to ischaemic heart disease, in a well-defined population-based cohort of alcohol-dependent men who had been treated during a limited period of time in one detoxification ward. Moreover, we intended to validate causes of death and in this way evaluate the reliability of the Swedish official death statistics in this sample.
MATERIALS AND METHODS

Patients
The study included all men who were treated as inpatients in the detoxification ward at the University Psychiatric Clinic, Lillhagen Hospital (Goteborg, Sweden), between 1 January 1986 and 31 December 1989. At that time, the treatment unit had a geographically well-defined catchment area of ~ 42 000 men aged >20 years, and each year about 500 men were hospitalized as inpatients a mean of 1.8 times.
Of the 1174 patients who were treated during the study period, 125 men had to be excluded: of these, 42 were not settled in the catchment area; five were incorrectly registered; four had moved abroad; seven were alcohol abusers without dependence; 38 were primarily abusers of narcotics or other drugs; and 29 were suffering primarily from other psychiatric disorders. Thus, the final study cohort consisted of the 1049 men who fulfilled the DSM-III-R criteria of alcohol dependence (American Psychiatric Association, 1987) . Almost every patient had been interviewed, treated and diagnosed by one of the investigators (C.W.).
Collection of data and classifications of cause of death
The patients were retrospectively followed via the Swedish population register up to 1 January 1991, and all deaths that had occurred before this time point were registered. Background data for each of the deceased patients concerning social circumstances, alcohol history and concomitant psychiatric and somatic illness were obtained from the case files (Table 1) .
The cause of death was established in each of the cases by use of two different independent methods:
(1) The revised cause of death (RCD) was established jointly by two of the authors (A.B. and H.D.) based on scrutiny of all available information in hospital and clinical autopsy records, police reports, and forensic autopsy records and toxicological analyses. (26) 1(1) 13(9) 10(7) 9(6) 7(5) 18 (13) 12(9) 15(11) 11 (8) 9(6) * Information was available in the case files of only 61 of the patients.
•f Treated primarily because of alcohol dependence; benzodiazepines in 12 cases, narcotics in six cases.
(2) The official cause of death (OCD) had been established by the officials at Statistics Sweden based on the diagnoses on the death certificate. This information was obtained from a copy of the death certificate of each patient.
The causes of death were assigned a three-digit code according to the International Classification of Diseases, 9th revision (ICD-9). The definitions used for the classification of RCD and the disease categories of ICD-9-codes, in which both RCD and OCD were ordered, are presented in Table 2 . The total autopsy rate was 85.7% in the alcoholdependent men. The autopsy rate according to various age-groups in the alcohol-dependent patients and in men of the general population during the study period was 91 vs 80% ( 
Statistical methods
Each individual's observation time began at the start of their index admission during the study period and ended at 31 December 1990, or at death if it occurred earlier. The expected number of deaths was calculated under the assumption that the death hazard function coincided with that of the Swedish male population. Thus current age, calendar year and the length of observation of each individual were taken into account in the calculation of the expected number of deaths, and the same method was applied when the expected number of deaths from specific causes was determined. The number of cases of death could be considered as Poisson-distributed. That assumption was used for comparing observed and expected numbers and for calculation of 95% confidence intervals of the risk quotients. The confidence intervals were exactly determined. In order to further elucidate the excess mortality, the death hazard function was estimated by use of a Poisson model (Breslow and Day, 1987) . The model included current age (age), which increased for every year, and time period since the index admission (time). The death hazard function was assumed to be: where the /? coefficients were estimated by use of the patient material. The term /? 0 is a constant, and the terms fi\ minimum(age,65) and f$ 2 maximum(0,age -65) describe the rate of change of the death risk before and after the age of 65 years. The terms ft minimum(time,2) and /?4 maximum(0,time -2) describe the rate of change of death risk within and after 2 years of discharge from the index admission.
RESULTS
General mortality
The observed number of deaths in the study population was 140, to be compared with the expected number of 23.2 (P < 0.001), giving an excess number of 117 cases. The estimated risk quotient of death was 6.0 (95% confidence interval 5.1-7.1). The death hazard function assumed higher values 0.5 years compared with 3 years after the index admission, but the difference was not statistically significant ( Fig.  1) . The increased mortality risk is demonstrated by the fact that a 40-year-old alcoholic man runs the same risk of dying as a 70-year-old man in the general population (Fig. 1) .
Cause-specific mortality according to official cause of death Significant excess mortality was noted in alcohol-related disorders, such as alcoholism, epilepsy, liver cirrhosis, trauma and intoxication, and pulmonary infections (Table 3) . A significant excess mortality was also seen in some not primarily alcohol-related disorders such as pulmonary embolism, ischaemic heart disease and cerebrovascular diseases.
Agreements between official and revised cause of death (OCD and RCD)
Fifty-one of the 140 cases (36%) had been assigned the same three-digit ICD-9 code regarding OCD and RCD. The classification with respect to disease category was concordant in 76 of the patients (54%) ( Table 4) . Despite this inconsistency, the risk quotients of death based on RCD remained within the 95% confidence interval of the risk quotients from OCD (Table 3) . This was true for all categories, except for alcoholism (303) and uncertain cause of death (798-799), in which apparently different classification policies had been applied. In the 48 cases with alcoholism as death certificate diagnosis, the RCD varied widely and included deaths attributed to ethanol intoxication, ischaemic heart disease, epilepsy, and uncertain cause of death (Table 4) . Forensic autopsy had been carried out in 44 and clinical autopsy in two of these 48 cases.
Validated circulatory deaths
The excess mortality from ischaemic heart disease, cerebrovascular diseases, and pulmonary embolism remained of the same magnitude after validation of death certificate diagnoses and amounted to 24% of the total excess mortality (27.7 of 117 excess deaths, Table 3 ). This contribution to the excess mortality was almost of the same magnitude as deaths due to trauma and intoxication, which accounted for 26% of the excess deaths (30.1 of 117, Table 3 ). Ischaemic heart disease was responsible for 19% of the excess mortality in cases with a definite cause of death (17.3 of 89.2 excess deaths, Table 3 ).
Agreement between OCD and RCD was found in 17 cases of deaths due to ischaemic heart disease. In seven of the other patients who died because of ischaemic heart disease (RCD), death had been ascribed to alcoholism (Table 4 ). The median age of the 25 men with coronary death (RCD) was 59 years (range 37-80). Eleven of these men died within 1 year and an additional two men died within 2 years of the index admission. In total, 20 of the men died within 1 year of the first or a subsequent admission for detoxification treatment. Twenty-one of the coronary deaths occurred outside hospital under circumstances indicating sudden death. The diagnosis was The death hazard function of ischaemic heart disease, estimated from the 25 deaths and calculated according to the Poisson model, disclosed that the risk of dying from ischaemic heart disease tended to be augmented during the first 2 years of discharge from the index admission (Fig. 2) . The temporal variation of the risk of dying was of borderline statistical significance (/> = 0.05).
DISCUSSION
Ischaemic heart disease is the most common cause of out-hospital natural death in alcoholic men (Schmidt and de Lint, 1972; Denison et al., 1995) . The high frequency of sudden death in our patients who died because of ischaemic heart disease supports the reports in population studies of an association between sudden coronary death and excessive alcohol consumption (Rosengren et al., 1987; Lithell et al., 1987; Wannamethee and Shaper, 1992) . The finding of a threefold increase in ischaemic heart disease mortality is of the same order as has been described by other investigators (Schmidt and de Lint 3 1972; Koskenvuo et al., 1986; Lindberg and Agren, 1988) . However, it must be stressed that no adjustments for other known coronary disease risk factors have been performed.
The total serum cholesterol level is lower and the high density lipoprotein (HDL) cholesterol level is higher in middle-aged alcoholic men than in teetotallers and moderate to heavy drinkers (Seppa et al., 1992) . The resulting high HDL/total cholesterol ratio is generally considered to be a marker of low risk for atherosclerotic diseases (Seppa et al, 1992) . However, the HDL cholesterol level has been reported to decrease in alcoholic men after withdrawal (Wallerstedt et al, 1977; Taskinen et al., 1982; Lamisse et al., 1994) . Thus, the role of cholesterol in the development of coronary disease in alcoholic men is uncertain, but may be assumed to be less important than in other populations.
Smoking is a major risk factor for coronary disease, and at least 90% of alcohol misusers are reported to be smokers (Vaillant et al., 1991) . This is consistent with the observation in our study, and the high frequency of smoking may partly explain the increased cardiac mortality. However, in smokers, alcohol misuse is known to be an independent and additive risk factor for coronary death (Rosengren et al, 1988) .
Excessive alcohol consumption is also associated with hypertension, partly due to catecholamine excess related to drinking and withdrawal (MacMahon, 1987) . Clinically recognized and treated hypertension was reported in 11% of the deceased alcoholics, but this disorder may have been underdiagnosed.
The significance of alcoholism for the observed excess mortality from ischaemic heart disease may thus be overestimated, because of a higher prevalence of other risk factors for coronary disease. However, the excess ischaemic heart disease mortality in alcoholic men seems to be related to an increased risk of dying, rather than to a higher prevalence of coronary disease. Moreover, we found that this increased risk of coronary death tended to be augmented during the first 2 years of discharge from the index admission, but the observation of a temporal variation of the risk was not statistically ascertained. Because the death hazard function was estimated from rather few events, the applied statistical model had been limited to test the risk variation within two time periods after discharge. The outcome of the analysis suggests that it would have been interesting also to examine the risk variation within a shorter time period of discharge, but we did not perform this because iterated statistical testing would have affected the significance level. However, 11 of the 13 patients who suffered coronary death within 2 years of discharge from the index admission died during the first year. This suggests that the risk of dying may be especially high within this time period. Thus, our observations indicate that a rapidly changing factor, apart from the coronary disease process itself, must be involved in the pathogenesis of coronary death in alcohol-dependent men. This factor apparently must be closely related to alcohol misuse.
Our patients, suffering from severe alcohol dependence with relapsing drinking and withdrawal periods, seek medical attention when they are unable to handle their alcohol problems. In this state, they have been drinking large quantities of alcohol for long periods, which have rendered them severely physically and mentally debilitated. Despite this and the otherwise high mortality rate, it seems to be a rare event that alcoholic patients die during in-hospital detoxification (Schmidt and de Lint, 1972; Denison et al, 1995) . A long history of heavy drinking, high daily alcohol consumption, and previous alcoholism treatment are the most important factors to predict relapse of drinking, which in ~60% of the cases occurs within 6 months of discharge (Booth et al, 1991) . Thus, the augmented risk of dying because of ischaemic heart disease coincides temporally with a high risk of relapse of drinking. The association between relapsing drinking and the worse prognosis for alcoholics is demonstrated by Bullock et al. (1992) , who found that the observed mortality in alcoholic men who achieved stable abstinence was indistinguishable from that expected in nonalcoholics. On the contrary, the relapsing alcoholics had an excess general mortality of about five times the expected; a result very similar to the sixfold increased mortality observed in our sample.
An increased risk of dying during early drinking relapses in alcoholics with ischaemic heart disease may be explained by various co-operating mechanisms. Studies in man have verified that short-term alcohol ingestion may induce arrhythmias in alcoholics with heart disease (Greenspon and Schaal, 1983) . In animal studies, long-term ethanol exposure in dogs induced electrophysiological and histological changes in the myocardium, making it more liable to react with arrhythmias during short-term alcohol ingestion (Patterson et al, 1987; Patel et al, 1991) . A prolonged drinking period preceding detoxification may thus render the heart more sensitive to the arrhythmogenic effect of acute alcohol ingestion, and this vulnerability may persist after discharge from the acute detoxification treatment. A drinking pattern with rapid consumption of large quantities of alcohol is also reported to be a risk factor for coronary death (Koskenvuo et al, 1986) . The fact that the ethanol tests were negative in more than half of the men suffering coronary death suggests that mechanisms other than alcohol-induced arrhythmias might be more important for the lethal outcome. A recent study has demonstrated that the heart is frequently affected in alcoholic men during alcohol withdrawal (Denison et al, 1997) . The catecholamine excess and magnesium deficiency associated with withdrawal (Denison et al, 1994) may induce myocardial ischaemia by coronary vasoconstriction (Turlapaty and Altura, 1980; Simons and Downing, 1985; Chadda, 1986) and thus possibly precipitate cardiac arrhythmias in alcoholics with coronary disease. A prolonged heart vulnerability after detoxification may increase the risk of fatal cardiac events during untreated withdrawal following early drinking relapses.
Besides atherosclerotic plaque disruption, interactions between platelets and thrombin are critical events in the evolution of the acute coronary syndromes (Eisenberg, 1994) . A transient increase of thrombin-stimulated platelet reactivity has been demonstrated in alcoholics during withdrawal (Tan et al, 1995) , and such a mechanism may be involved in the pathogenesis of the excess sudden coronary deaths in alcoholic men. Disturbances in coagulation mechanisms and platelet function (Rubin and Rand, 1994) in different phases of alcoholism may also contribute to the excess mortality from pulmonary embolism and cerebrovascular disorders.
The clinical implications of these observations must be to supervise carefully alcoholics with coronary disease after detoxification and to promptly provide medical treatment, preferably at inpatient facilities, if early drinking relapses occur. Moreover, efforts should be made in order to diagnose and treat coronary disease in alcoholics. A careful clinical history regarding heartrelated symptoms should be taken and a 12-lead electrocardiogram should be performed in all patients admitted for detoxification. Further investigation is advised in those with abnormal findings.
Contradicting the results in a previous Swedish study by Agren and Jakobsson (1987) , the validation of causes of death confirmed that the mortality from ischaemic heart disease was increased and contributed significantly to the total excess mortality. The diverging results might be explained by variation in the distribution of causes of death in different populations of alcoholic men. In addition, because the risk of dying of ischaemic heart disease tends to be augmented during the first years of discharge, their study design with a longer follow-up time may have rendered it more difficult to reveal an early excess mortality. Moreover, they reclassified a considerable part of the ischaemic heart disease deaths as attributable to alcoholic cardiomyopathy, alcohol intoxication, and unknown cause of death. Misclassification of alcoholic cardiomyopathy as ischaemic heart disease has been suggested to explain the supposed excess ischaemic heart disease mortality in alcoholics (Agren and Jakobsson, 1987; Romelsjo et al., 1993) . This concept is ruled out in our cohort, because we used criteria requiring the presence of a myocardial infarction or severe coronary artery disease to be included in the 'ischaemic heart disease' category of causes of death. Even if alcohol consumption may contribute to impairment of cardiac function in alcoholics, the diagnosis of alcoholic cardiomyopathy presumes the exclusion of other possible causes of heart disease. Thus, a patient with severe coronary disease is not readily classified as suffering death from alcoholic cardiomyopathy. Furthermore, because of the necessity of more thorough investigations of the myocardium than are routinely performed in autopsies, alcoholic cardiomyopathy and its relation to sudden death must be examined in prospective studies (Vikert et al., 1986) .
In studies on cause-specific mortality in which unvalidated death certificates are used as the only source of information, the accuracy of official death statistics is crucial for the reliability of the results. When death certificate diagnoses have been compared with autopsy findings (Kircher et al., 1985) , hospital discharge diagnoses of deceased patients (Gittelsohn and Senning, 1979) , and with revised causes of death based on all available information (Benavides et al., 1989) , the rate of agreement has varied between 70 and 80%.
At the point of time when the revised causes of death were established, the death certificate diagnoses were unknown to the investigators. Because of the access to more abundant information concerning each case than is available in the clinical situation, the revised causes of death were considered to be more valid than the official causes of death. The evaluation of the official death statistics showed that the concordance between the official (OCD) and the revised (RCD) causes of death was as low as 50% in the patients with verified alcohol-dependence. However, this low rate of agreement was mainly caused by the variation in classification of the categories 'alcoholism' and 'uncertain cause of death'. The variation of the risk quotients of death based on RCD in the other categories remained within the statistical uncertainty of the risk quotients based on OCD. Thus, if this did not just appear by chance and if our results are applicable to other similar studies, this indicates that correction of death diagnoses has a limited effect on the outcome in studies on cause-specific mortality in alcohol-dependent patients.
According to the official death statistics, death was attributed to alcoholism in one-third of the patients, and, remarkably, in no case was the cause of death classified as uncertain. Because alcoholism has been described as a frequent cause of death in alcoholics from Sweden (Lindberg and Agren, 1988) , Canada (Schmidt and de Lint, 1972) and New Zealand (Lambie et al., 1983) , this high frequency is not simply explained by a local tradition in death certification. The reason to question 'alcoholism' as cause of death, even if it may have been a contributing factor, is that this diagnosis offers no explanation for the mechanisms of death. This opinion is compatible with the fact that smoking would not be used as the cause of death in a smoking patient with bronchial carcinoma. Furthermore, the diagnosis of alcoholism is not unambiguously defined. The most commonly used definition (DSM-HI-R) is based on criteria taking behavioural alterations and altered response to alcohol into consideration, which are not easily judged post-mortem. Neither could alcohol-related organ changes alone be the basis for the diagnosis of alcoholism, because they may equally appear in high consumers of alcohol without dependence.
'Alcoholism' concealed deaths attributed to ethanol intoxication, ischaemic heart disease, and various other somatic disorders, but was most frequently used in cases with natural deaths in whom no clear-cut explanation was demonstrated. The higher proportion of obscure deaths in alcoholics than in others (Skullerud et al., 1990; Hansen and Simonsen, 1991) indicates that metabolic disturbances, cardiac arrhythmias, epilepsy, and other not readily demonstrable causes of death are more common among alcoholics. These conditions may be related to drinking and withdrawal, but valid information concerning these circumstances is often missing in alcoholic people. Therefore, concerning 'alcoholism' in death statistics, we think it should be used mainly as a contributing cause of death. However, in this position it should become more widely used, and not restricted to be combined with 'alcoholrelated' disorders. It is evident from our results that alcoholism, in some way, also contributes to deaths from ischaemic heart disease, cerebrovascular disorders, and pulmonary embolism.
